Objective: To investigate whether individuals with high and low mandibular plane angles, respectively, have different patterns of long-term dental arch changes in adulthood.
Introduction
A number of studies have examined changes in the dental arches in adulthood applying dental study casts. Most studies analyse genders separately, and the variables most commonly recorded are changes in dental arch width (canine and molar) and depth (anterior and total), anterior space, overjet and overbite. Studies (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) are summarized in Table 1 . Only two previous studies (2, 7) have applied both cephalograms and study models.
Changes in arch width
There is general agreement that maxillary and mandibular intercanine width does not increase, and most studies report a decrease. A few studies find that there is 0.1 mm or less change in upper (4, 9) and lower (6) intercanine width. Changes related to intermolar width varied as some studies have reported a decrease in both arches for both genders (5, (7) (8) (9) (10) whereas others have reported an increase (3, 4) . Bishara et al. (2) observed a decrease in males and an increase in females. reported to be greater in the mandibular compared to the maxillary dental arch.
Changes in overjet and overbite
The results from previous studies are conflicting. About the same number of studies report that overjet and overbite increase as those reporting a decrease. The trend was the same for both genders except for overbite in two studies (4, 7) . Observations of changes in intermolar width, overjet and overbite are conflicting. Long-term dental changes are of importance for decisions about retention after orthodontic treatment (13) . Different patterns of change may be related to differences in facial skeletal morphology. In a previous study, Bondevik (14) compared changes in dental arch width and length and crowding in a 10-year perspective from 23 to 33 years of age in individuals with high versus low mandibular plane angle and found no differences except for a greater decrease of mandibular arch length in high-than in lowangle females. Changes in overjet and overbite were not examined. The purpose of this study was to test the hypothesis that there is no difference in dental arch changes and anterior occlusion during the 20-year period from 23 to 43 years of age between individuals with high versus low mandibular plane angel with the additional objective to examine differences between the age periods 23-33 and 33-43 years of age.
Material and methods
Lateral cephalograms and plaster models of 32 male and 32 female dental students were retrieved from the files at The Department of Orthodontics, Faculty of Dentistry, University of Oslo, Norway. Impressions for study models were obtained by fellow dental students during their dental training, and they were controlled and accepted by senior clinical teachers. All subjects were between 22 and 26 years of age with a mean age of 22.3 and 22.7 years for males and females, respectively, when the first models were made (T1), the cephalograms were obtained three months earlier. The subjects returned 10 (T2) and 20 (T3) years later for follow-up records. The mean mandibular plane angle ( Figure 1 ) was 31.5 degrees, and the standard deviation (SD) was 7.2 degrees. The material was divided in a high-and a low-angle group by, respectively, adding or subtracting one SD from the mean value. This resulted in a high-angle group of 10 subjects having mandibular plane angle of more than 38.7 degrees and a low-angle group (n = 16) of less than 24.3 degrees.
To be included in the study, the following criteria had to be met: full complement of teeth anterior to the second molars both at T1 and T3 and no signs of gingival recessions at canines and first molars. None had orthodontic treatment at T1, and of the three who had been treated earlier, two had been out of retention for nine and one for 5.5 years. None had orthodontic treatment, oral surgery, crowns and larger dental restorations during the observation period. All subjects had Angle Cl. I occlusion at T1, except for three in the low-angle group and one in the high-angle group who had a slight unilateral disto-occlusion (<3 mm). No other malocclusions except for crowding of the incisors were present.
To measure transversal and anteroposterior variables ( Figure 2 ) electronic callipers were used ( Figure 3 ). Total arch depth was measured perpendicular to a line connecting the contact points between first and second molars to the contact point between the central incisors, and anterior arch depth was measured perpendicular to a line connecting the distal contact points of the cuspids to the contact point between the central incisors. Width of the dental arches was recorded as the largest intermolar and intercanine distances measured at the gingival margin buccally. Crowding was calculated by measuring the difference between the mesiodistal width of each of the six anterior teeth and the available space for each tooth (Figure 4 ). To stabilize the callipers when measuring the depth of the dental arches, an instrument with adjustable cones to be placed in the contact points between the first and second molars and canines and first premolars, respectively, was made. The callipers were placed in a slot preventing the callipers from sliding sideways (Figure 3) . Overjet was measured horizontally from the labial surface of 21 to the labial surface of 31, and overbite from the incisal edge of 31 to the point where the callipers touched the labial surface of 31.
The measurements from the casts and cephalograms were obtained by one investigator using the Facad software program (Facad, Ilexis AB, Linköping, Sweden). To examine reliability 20 cephalograms and 20 sets of models were measured twice with a three months interval by the same investigator. Differences between samples were analysed by t-test (unpaired) and changes over time within each sample by paired t-test.
Results
There were no significant differences (10% significance level) between the first and second (replicant) measurements either of the mandibular plane angle or for the variables measured on the models ( Table 2 ). None of the subjects changed the Angle classification after T1. Mean values for all dimensions were similar in the groups (Table 3) .
Changes in arch width
In both groups a decrease of the intercanine width took place both in the upper and lower arches during both periods (T1-T2 and T2-T3), with mean values for the total period ranging from 0.5 mm (upper arch in the low-angle group) to about 1.0 mm (lower arch in both groups) (Tables 3 and 4 ). Intermolar widths increased in both arches during both periods with a total of 0.3-0.4 mm in both groups. The differences between the groups were not statistically significant (Table 5) .
Changes in arch depth
In both groups anterior and total arch depth decreased about 1 mm in both arches (Table 4) . Greatest mean decrease was seen for the lower anterior depth in the low-angle group (1.3 mm) whereas least decrease was observed for the corresponding variable in the highangle group (0.8 mm). In both groups the changes were greater during the first than in the second period. There were no statistical differences between the groups when changes taking place during the two periods were compared, but when the two periods T1-T2 and T2-T3 were taken together the lower anterior depth decreased significantly more in the low-angle than in the high-angle group (Table 5 ).
Changes in anterior space
A mean increase in crowding was observed in both arches in both groups. The increase was greater during the second than during the first period in the high-angle group. All mean changes were 1 mm or less.
Changes in overjet and overbite
In the high-angle group, the overjet increased during both periods, and the overall increase was 0.3 mm. A decrease of 0.3 mm was seen in the low-angle group and took place during the first period. The difference between the groups (0.6 mm) was statistically significant. In the high-angle group the overbite increased somewhat during both periods and the total increase was 0.3 mm. In the low-angle group the overbite on average did not change. There were no significant differences between the groups.
Variability
Standard deviations for absolute measurements were similar in the groups, and the greatest variation was seen for total arch depth, in particular in the high-angle group (Table 3) . Standard deviations for the changes taking place from T1 to T2 were less than 1 mm with the exception for upper anterior crowding in the high-angle group (SD 2.05).
Discussion
For this study, both cephalograms and study models were available thus making it possible to examine the association between adult dental arch changes and facial morphology which has not previously been done in a 20-year perspective in adulthood. A strength of the study was the predetermined follow-up periods and strict inclusion criteria. The method applied was demonstrated to have good reliability. The limited number of participants is in line with a number of other studies. Ideally, males and females should have been studied separately, but the genders were pooled in order to have a study group with an acceptable number of individuals. Several previous studies have reported that long-term dental changes are similar in adult males and females (Table 1) .
It may be questioned whether dental students/dentists are representative for the general population because of increased dental awareness and maintenance, and local factors like Table 2 . Difference (mean and 1 SD) between first and second measurements of the mandibular plane angle (degrees) and dental arch variables (mm) measured with a 3 months interval on 20 randomly selected lateral cephalograms and study models. pathology may be occurring less frequently. Another potential bias may be due to the previous orthodontic treatment in three individuals. No information was available about bruxism, but from the study models attrition appeared to be minimal. Presence of periodontal disease was not observed as may be expected among dentists, and accordingly the influence of local factors may be less compared to lay individuals. The changes observed may therefore to a greater extent represent naturally grown dentitions. The sagittal occlusion remained stable as there were only minor changes in the incisor relationship. The results confirm findings from previous studies that intercanine width decreases. Shortening of arch depth and increase of anterior crowding are common findings. An increase of intermolar width in both arches is in accordance with some studies (3, 4, 12) , whereas most studies have reported a decrease. Various findings may be due to loss of teeth and drift, differences in methodology, age groups, and observational periods. Individual variation, as was observed in particular for maxillary anterior crowding in individuals with high mandibular plane angle (SD = 2.05), may be influenced by differences in muscle tension, volume and function.
In a study from 1953 Bjørk recorded a small decrease in overjet measured on cephalograms (15) which is in accordance with the results in the low-angle group, whereas in the high-angle group overjet increased. The differences between the groups were small, but statistically significant and probably indicate different trends in individuals with high versus low mandibular plane angle. A slight decrease in overjet has previously been observed (4, 5, 9, 10), but increase has also been reported (1-3, 7, 11, 12) which is in line with the direction of the changes in the highangle group. The trend to a small increase in overbite observed in the present study is in agreement with some previous findings (2, 8) , and is contrary to observations from other studies (3, 5, 10) . It should be noted, however, that the present findings represent changes in individuals with normal occlusion, and that other patterns of change may operate in patients having various malocclusions.
Overall, the changes in the dentition during the third to fifth decades of life were limited. Long-term extension of the retention period into adult age should therefore be provided on other rationales than to prevent age-related changes in the dentition that occur normally both in high-and low-angle individuals. Table 3 . Mean values and 1 SD in parenthesis (mm) at T1, T2 and T3 for measurements of dental arch dimensions, overjet and overbite in 10 high-angle and 16 low-angle subjects.
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Conclusion
In general, changes in dental arch dimensions are small in adulthood. Changes in dental arch widths were similar in individuals with high and low mandibular plane angles. Mandibular arch depth decreased significantly more in individuals with low compared to high mandibular plane angle. There is a significantly different trend in the change in overjet as it increased in the high-angle and decreased in the low-angle subjects. This difference is, however, small and of limited clinical significance, and does not imply that different protocols for retention need to be established for individuals with high versus low mandibular plane angles. Table 5 . Mean difference of changes (mm) in dental arch dimensions, crowding, overjet, and overbite between individuals with high (n = 10) versus low (n = 16) mandibular plane angle. 
